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The Sixty-eighth Ordinary Meeting was held on Wednesday
the 8th day of May 1878, Mr. C. V. WALKER, F.R.S., V.P.,
in the Chair.

The CHAIRMAN: The first paper for this evening is one on
" Sound in relation to the Telephone," by Dr. Clarence J. Blake,
who is now in the United States. Mr. Preece had undertaken to
read the paper, being well acquainted with the subject of which it
treats; but is unfortunately prevented from doing so on account of
his being engaged at the Society of Arts in reading a paper upon
the Phonograph. You will recollect, no doubt, that in the paper
which Professor Bell read here some time ago on the Telephone
he stated that in the course of his investigations of the mechanism of
the human ear in connection with the inception of the Telephone,
he consulted an eminent aurist in Boston, Dr. Clarence Blake,
who is the author of the paper which the Secretary will now read.

SOUND IN RELATION TO THE TELEPHONE,

By Dr. CLARENCE J. BLAKE.

MR. PRESIDENT AND GENTLEMEN OF THE SOCIETY OF TELEGRAPH

ENGINEERS :—

The paper which I have the honor of presenting touches but
superficially on a field newly opened for investigation. Though
barely six months have elapsed since Professor Bell first addressed
your Society, hundreds of active brains and dexterous hands are
already cultivating the newly acquired territory with daily increas-
ing prospect of an abundant harvest.

It is safe to say that within the last quarter of a century there
has been no single scientific discovery which has proved so great a
stimulus to investigation as that of the telephone, and that the gain
to science from the solution of the problems which this instrument
suggests will outweigh even the practical benefits from its use
which are now a matter of daily experience.
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The word {t sound " naturally suggests for consideration that
organ of special sense designed to transmit the mode of motion to
the perception of which we give this name. The most delicate
mechanism for the reception and transmission of a wide range of
sonorous vibrations, of which we have any knowledge, is to be
found in the human ear, and the portion of this intricate organ
which has especial interest in connection with the telephone in-
cludes the membrana tympani or drum membrane and two of the
three small bones of the middle ear with their accompanying liga-
ments. As this important portion of the sound-transmitting
apparatus of the ear has already been availed of in the earlier
experiments of Professor Bell, and as a consideration of the princi-
ples upon which it acts may offer further suggestions for the im-
provement of the mechanism of the telephone, and as furthermore
it may, when properly prepared, be used for the graphic illustration
of the sound waves which it transmits, a part of the time at our
disposal may justly be devoted to a consideration of its structure.

The organ of hearing in man is divisible into three parts,—the
external, the middle, and the internal ear.

The latter division includes within a cavity in the petrous bone
the terminal fibres of the auditory nerve, and an exceedingly deli-
cate apparatus for the final transmission to these fibres of the sound-
waves received through the external and middle ears.

The first division includes the outer ear, or auricle, and the ex-
ternal auditory canal, a passage about an inch and a quarter in
length, leading inwards to the drum membrane. The drum mem-
brane, which forms the boundary between the external and middle
ear, is from eight to ten millimetres in diameter, and is inclined
with the plane of its surface at an angle of about forty-five degrees
to the long axis of the external auditory canal. The centre of the
membrane being depressed, its outer surface presents the form of
a funnel, the sides of which are convex outwards, from the centre
to the periphery of the membrane.

Beyond this membrane lies the middle ear, an irregular, bony
chamber, from three to fifteen millimetres in diameter in its
several parts. This cavity is in communication with the pharynx,
through a narrow canal, the Eustachian tube. One important
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office of this tube is to insure the ventilation of the middle ear, and
to provide for the equal degree of atmospheric pressure on both
sides of the drum membrane, necessary to the proper vibration of
that structure.

Fig. I exhibits a vertical section through the head, showing the
relations of the external auditory canal, the drum membrane,
middle ear, Eustachian tube, and pharynx.

Within the cavity of the middle ear are placed the three small
bones which convey the vibrations of the drum membrane to the
internal ear.

Fig. 2 exhibits a vertical section of the three divisions of the
ear, showing "the inner end of the external auditory canal, the drum
membrane, and the cavity of the middle ear with the three small
bones. I. The malleus attached to the drum membrane along its
lower half; 2, the incus articulating with the head of the malleus;
and 3, the stapes attached to the lower end of the incus, and fit-
ting into an opening of the bony wall of the middle ear cavity,
the " oval window," communicating with the cavity of internal ear.

Crossing the cavity of the middle ear at its upper part, and
attached to the malleus by its tendon is seen the tensor tympani
muscle, the contraction of which increases the tension of the drum
membrane, and of the ligaments connecting the small bones.

The sound waves entering the external auditory canal beat upon
the outer surface of the drum membrane, and set it in correspond-
ing vibration.

The peculiar curve of the membrane and the difference of tension
in its several parts enable it to respond readily to the impact of a
wide range of musical tones, extending in the normal ear from a
tone of thirty-two vibrations to one of over 40,000 vibrations in
the second.

Under contraction of the tensor tympani muscle, the limit of
transmission is increased by about 5,000 vibrations in the second.
Beyond this pitch the membrane seems to present an obstacle to
the passage of sonorous vibrations, as measured by the real limit
of perception for high musical tones, which is much above that of
the transmitting capacity of the membrane, as I have been able,
in cases of perforation with an otherwise normal ear, to determine,
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by means of Konig's rods, a perception of tones as high as
80,000 vibrations in the second.

The extreme delicacy of the perceptive apparatus of the internal
ear capable of conveying to the brain the impulse of a sound-wave,
of which 40,000 in a second strike upon the membrana tympani,
is illustrated by the slight excursions of this membrane under the
impulse of much lower tones, the movement of the centre of the
membrane in response to a tone of 630 vibrations in the second
being only about eight one thousandths of a millimetre.*

In preparing the ear for use as a phonautograph, the roof of the
cavity of the middle ear is first cut away ; through this opening a
narrow-bladed knife may be introduced to divide the tendon of the
tensor tympani muscle and the articulation of the incus with the
stapes. By means of a hair-saw a section of the middle ear is then
made from before, backward through the divided articulation.
This section removes the inner wall of the middle ear cavity with
the portion of the bone containing the internal ear and exposes
(Fig. III.) the inner surface of the drum membrane, with the
malleus and incus attached. [In this figure the stapes is also
retained, in order to show its relation to the other small bones.]

An important point in the mechanism of vibration of the drum
membrane, malleus, and incus to which I would draw your atten-
tion, is the fact that the greater portion of the two bones projects
above the periphery of the membrane, and that under the impulse
communicated to them from the membrane they swing, when
acting in concert, upon an axis very nearly represented by the
dark line drawn across the plate. This axial line terminates atone
end by a ligament attaching the malleus to the bony wall of the
middle ear cavity, and at the other end by a ligament similarly
attaching the point of the incus. The two bones are held together
by a third, a capsular. ligament, which invests their articulation.

In the spring of 1874, whilst studying the vibrations of the
membrana tympani under tension, I was led to measure the
distribution of weight in these bones above and below the axial

* C. H. Burnett, Philadelphia. Measurements of Vibration of the Membrana
Tympani and Ossicles. 1874
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line, with a view to determining any mechanical value which this
distribution of weight might have as a counterbalance.

The results gave an average preponderance of weight above the
axial line, over that below, in the proportion of fifteen to eight.
When the tensor tympani muscle contracts, the bones are pulled
away from the wall of the middle ear cavity, the drum membrane
and the ligaments of the bones are rendered tense, and the counter-
balance enables the whole vibrating apparatus to respond more
readily to a slight impulse. In using a preparation of the ear as a
phonaufcograph, a stylus made of a single fibre of wheat-straw is
glued to the descending part of one of the small bones, parallel to
the long axis of the bone. With this, tracings may be made upon
a plate of smoked glass, sliding upon a glass bed at a right angle
to the line of excursion of the drum membrane, and moved by
clock-work or a falling weight, as in the apparatus mentioned by
Prof. Bell in his communication.

Figs. IV., V., VI., VII. and VIII. represent tracings of vowel
sounds made in this manner, the upper line being a tracing of
the vowel sung at the pitch marked upon the plate, the lower
line, the same vowel sung one octave higher, illustrating the effect
of tension upon the excursion of the membrane.

In using a preparation of the ear as a telephone, the adjustment
of the counterbalance may be still further availed of, by cutting
away all attachments of the small bones with exception of the three
principal ligaments already mentioned. With an ear so prepared,
having a disc of ferrotype plate, seven millimetres in diameter,
glued to the descending portions of both the malleus and incus,
and with a proprtionately small magnet and coil (resistance 44
ohms), I have been able to carry on conversation without difficulty
over a line something more than six hundred feet in length, the
ear telephone being used only as a receiving instrument.

The stiffness of the preparation from accidental drying and the
proportionately great weight of the disc, made it impossible to
detect more than a single tone communicated from one ear to the
other, but with a more fortunate preparation and better adjustment
of the discs and magnets, better and possibly valuable results may
be hoped for.

VOL. VII. S
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The mouth-piece of the hand telephone may be compared to the
external ear, the metal disc to the drum membrane, the air-
chamber to the middle-ear cavity, the damping effect of the
magnet to the traction of the tensor tympani muscle, and the in-
duced current in the coil to the sentient apparatus. Beyond these
grosser comparisons the analogy ceases. The principal coat of the
drum membrane of the ear is composed of two layers of fibrous
tissue; the fibres of the outer layer are arranged in a radiating,
those of the inner layer in a circular direction. No single fibres
extend either from the centre to the periphery or follow the
periphery of "the membrane, but cross and interlace, maintaining
only these general directions.

The result is a structure possessed of great elasticity and '
strength; the same membrane which will transmit a complex
sound-wave of a high tone will bear the pressure of a column of
mercury equalling its own diameter, and over two centimetres
high, without injury.

The artificial tissue which, perhaps, best represents this fibrous
arrangement is found in the felting together of the fibres of some
qualities of paper; and the use of paper discs in receiving tele-
phones, by reproducing more accurately the slighter overtones,
and cutting down, as it were, the more pronounced overtones, to
which especial prominence is given by the metallic disc, renders
the voice, though" somewhat lessened in intensity, with a more
natural and pleasing modulation.

As the limit of perception in the ear exceeds the limit of trans-
mission of the drum membrane, so the limit of what may be called
the carrying power of the current induced far exceeds the trans-
mitting capacity of the metal disc, the character of the disc deter-
mining the limit of transmission. The following tests with Konig's
rods, made with hard rubber case hand telephones connected by an
overhead wire about 600 ft. long, may serve to illustrate this.
With the discs of both telephones of ferrotype plate, a tuning-fork,
1,024 vibrations in the second, held over the mouth-piece, was
heard faintly. The mouth-piece being removed, and a Konig's rod
suspended in front of the plate at a distance of three millimetres,
a tone of 8,192 vibrations in the second was heard plainly, and a
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tone of 10,240 v. s. but very faintly; with a tone of 12,288 v. s.
only a faint tap, but no musical tone, was heard. The iron disc
was then removed from the transmitting telephone, and the Koriig's
rods suspended so that they nearly rested on the flange of a rubber
case at a distance of 0*8 millimetres from the magnet.

Under these conditions a tone of 10,240 v. s. was heard plainly
and a tone of 12,288 v. s. but very faintly. Above this tone only
a tap was heard.

The metal disc was then also removed from the receiving tele-
phone, and a disc of postal-card paper, having a disc of ferrotype
plate fifteen millimetres in diameter, fastened to the centre, was
substituted, the Konig's rods being suspended in front of the
magnet of the transmitting telephone, as before.

The increase in the limit of transmission of high tones was very
decided, tones of 12,288 v. s., 16,384 v. s., 20,000 v. s., and
25,000 v. s., being plainly heard, and a tone of 30,000 v. s. faintly
but distinctly perceived. Beyond this tone only the tap of the
striking hammer could be heard. The person listening in this case
had a normal ear, and could easily hear a tone of 40,000 v. s.
when the rod struck was suspended three inches from the ear. The
rods were set in vibration by a steel hammer striking with uniform
force. With some of the telephone plates tested, the limits above
mentioned could not be reached, a slight indentation of the plate,
or an inequality in thickness, considerably modifying its vibration.

The manner in which different telephone plates will reinforce
those tones to which they vibrate sympathetically, is easily illus-
trated by connecting several receiving telephones with a trans-
mitting telephone, into which a series of organ pipes or the notes
of a cornet are sounded, slight differences in the plates and in the
damping effects of the magnets, giving prominence to certain tones.

In studying the relations of sound to the telephone, the subject
of the transmission of the human voice especially commands our
interest; and since it is in this direction that the greatest practical
benefit from the telephone has as yet been derived, I have made
use of the human voice, in preference to a musical instrument, for
illustration in the tests to be described.

The sound chosen was that of the broad vowel sound a, at a
S 2
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pitch of 488 v. s., the repetition of the tone being insured as
accurately as possible by comparison with a tuning-fork, giving
a fundamental note of that pitch. The mechanical vibrations of
the discs of both transmitting and receiving telephones, or more
accurately the excursion of the centres of the discs, was measured
in two ways, first by attaching a platinum wire to the centre of the
disc, the end of the wire being coiled in a gradually widening
spiral the base of which was glued to the centre of the disc, ten
centimetres in diameter, of a box telephone. The free end of the
wire was sharpened to a point 0*01 millimetre in diameter, and
bent downward at a right angle to come in contact with a plate of
smoked glass, moving horizontally, at a right angle to the line of
excursion of the disc, on a glass bed supported by brackets firmly
screwed to the wood-work of the telephone.

The two telephones thus prepared were clamped in an upright
position, and connected by flexible wires. On singing into the
mouth-piece of the telephone the platinum point recorded the
excursion of the disc upon the smoked glass, a slight movement
of which presented a fresh surface for tracing. A large number of
tracings could thus be made upon one plate with the least danger
of disturbing the adjustment of the stylus. Platinum was chosen
for the wire on account of its ductility, and the arrangement of the
coil at its base was made to insure as little individual motion as
possible.

The excursion of the transmitting telephone disc, without the
magnet, was first recorded, the average of all the readings for the
vowel a, 448 v. s., measured under the microscope with micrometer
eye-piece, being 0-2625 millimetre. The magnet being re-adjusted,
the deflection of the centre of the disc due to magnetic attraction
was found to be 0061 millimetre. As would be expected, a
deflection of the plate to this extent would produce a very ap-
preciable difference in its excursion, and the average of the readings
with the same tone under traction of the magnet was found to be
only 0" 190 millimetre, a difference in the length of the excursion
of 00725 millimetre, or about 27*65 per cent.

In listening at the telephone we are conscious of a considerable
loss in the volume of the sound; the loss is really greater than we
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might be led to expect from the evidence of our hearing, since the
ear accommodates itself to the reception of tones of slight intensity
by the contraction of the tensor tympani muscle, thus compensat-
ing, in a measure, by an increase in its own power of transmission
and perception.

The movement of the receiving telephone disc as recorded on the
smoked glass was so slight that a much larger number of tracings
was made than with the transmitting disc, in order to allow for any
accidental disturbances; the average of these different sets, of
tracings, however, was always within 0*02 millimetre. Controlling
tests were then made with a micrometer screw connected with a
delicate galvanometer, the results gained being much more uniform,
and confirming the previous measurements of the transmitting disc,
while the average excursion of the receiving disc was determined
at 00135 millimetre, a loss in motion of 92*9per cent, between the
two telephone discs.

In order to further exhibit the difference in the excursions of the
discs, and test the vibrations in the air cavities beneath them, the
cups of two hard rubber hand telephones were tapped, and short
tubes inserted, making connection with two manometric flames, the
telephones were connected by flexible wires, and the vowel sounds
sung into one of the telephones, with the results given in Figs.
IX, X, XI, XII, representing respectively the vowel sounds o, a,
e, and u, the upper line being the flame given by the transmitting,
and the lower line by the receiving telephone.

The size and form of the air-chamber also exerts an influence
upon the vibration of the telephone disc ; if the chamber is
tightly sealed, the excursion of the disc is diminished by the
resistance of the compressed air beneath it, and the clearness
of the tone transmitted, may be increased by making an opening
into the chamber, which may be compared to the opening of the
Eustachian tube into the middle ear, as has been done by Mr.
Watson.

Another important element in the production of articulate
speech, which has its influence upon the movements of the tele-
phone disc and upon the induced current, is the force required
for the production of the consonant sounds.
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Since a certain definite position of the articulating apparatus
is required to produce each consonant sound, it would be ex-
pected that the distribution of pneumatic pressure would be more
or less constant for each consonant pronounced independently. In
a paper read before the Eoyal Society, April 16, 1874, Mr. Barlow
describes an ingenious and valuable instrument constructed for
the purpose of measuring the degree and distribution of the
pneumatic pressure resulting from "the production of articulated
sounds.

The diagrams accompanying the paper show the degree of pre-
cision with which the instrument fulfils the object for which it
was designed, and show moreover a curve more or less charac-
teristic for each consonant. The degree and distribution of pres-
sure thus indicated may, for convenience, be termed the logo-
graphic value of the consonant; as is further shown, the logo-
graphic value of any one sound is modified by combination with
other sounds as in spoken words or sentences, so that in speaking
against a membrane, a telephone disc for instance, we have not
only the shorter excursions of the disc which correspond to the
musical value of the tone, but also the larger excursion in re-
sponse to the pneumatic pressure. That this larger excursion, by
changing the tension of the plate, should exert an influence upon
its vibration, and so upon the second telephone disc through the
effect upon the induced current, is shown by tracings of conso-
nant sounds, as exhibited in—

Fig. XIII. Excursion and logographic curve of consonant
sound D.

,, XIV. Logographic curve of D, with vowel sound ex-
pressed.

„ XV. Excursion and logographic curve of B.
„ XVI. Logographic curve of B, with vowel- sound ex-

pressed.
,, XVII. Excursion and logographic curve of F.
,, XVIII. Logographic curve of F, with vowel sound ex

pressed.
These tracings made with the human drum membrane are an

attempt to exhibit—1. The excursion of the membrane under the
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pressure employed in producing the consonant, the recording plate
being fixed: 2. The logographic curve of the consonant, the re-
cording plate moving at the rate of five millimetres in the^econd: and
3. The logographic curve with the sound-waves, the recording
plate moving at a rate of about five centimetres in the second.

The approximation of the telephone disc to the magnet under
this pressure increases also the damping effect of the latter upon
the disc, which may in a measure account for the greater diffi-
culty in transmitting intelligibly by telephone consonant sounds
having the highest logographic value, that is, those which would
produce the greatest excursion of the disc, such as the explodents
T, P, D.

The extent and duration of the depression of the transmitting
telephone disc may also be measured through the effect of the pro-
duced current upon the galvanometer.

A hard rubber case hand telephone (resistance seventy-five
ohms) was connected by about forty feet of copper wire (resistance
0'342 ohm) with a Thomson short coil reflecting galvanometer
(resistance 0*645 ohm), and the consonants sounded into the tele-
phone with the mouth enclosed in the cup of the mouth-piece.

T, the consonant sound of greatest logographic value, gave the
greatest deflection, and was therefore taken as a standard. The
following table gives the percentages of the measurements with the

galvanometer:—
T,
B,

D,
K,
G,
L,

100.
53.
58.
45.
31.
56.

21.

C, 62.
S, 40.
F, 35.
V, 62.
R, 19.
Z, 53.

M, 9.
N, 11.

representing fairly, but not accurately, the logographic value of
the consonant sounds; the excursion with M and N being notice-
ably small, on account of the direction of pressure, not outward
through the mouth, but backward in the naso-pharyngeal space
and nasal cavity.
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A few tests made with a Thomson quadrant electrometer (resist-
ance 6 ohms) served to confirm very nearly the record above
given, arid, in addition, a perceptible broadening of the light spot
thrown upon the scale was noticeable, with the accompanying
vowel sound of the consonant. On sounding the consonant an
octave higher, this broadening was nearly doubled. .

When we consider the complex character of the waves resulting
from the production of articulated sounds, and the loss in the
excursions of the receiving disc, the wonder grows tha.t this piece
of metal can by its mechanical vibration reproduce so clearly and
distinctly the delicate shades of quality of the human voice.

That this should have been so perfectly accomplished is the result
not of inspiration, but of laborious research, and the instrument of
which we reap the benefit to-day is the product, not merely of the
genius, but of the patient and persistent labour of Alexander
Graham Bell.

MAJOR WEBBER, E.E.: Mr. Preece should have been here to
ask you to return thanks to Dr. Clarence Blake for the very inte-
resting paper which he has communicated to the Society at Mr.
Preece's request. We can none of us forget that it was in con-
nection with the instruction of the deaf that Professor Graham
Bell was first struck with the idea of producing sound by means of
the telephone ; and here we have to-night, in the diagrams which
have been given to us, the ear used as an illustration of the ex-
periments which Dr. Blake has made with that instrument.
Although some portions of what we have heard would probably
have been more interesting to, and better understood by such of
our members as belong to the surgical profession; and although
the results which have been obtained by Dr. Clarence Blake may
be made use of by them, yet I think this Society generally is
interested in them, because we find that he has been able to make
in such experiments an application of the telephone in a way which
we could scarcely have realised. I ask you, then, to let our thanks
be awarded and communicated to Dr. Blake for the very interest-
ing paper with which he has so kindly favoured us.

Lieut-Colonel BOLTON : I have much pleasure in second-
ing the proposition made by Major Webber, and I may take this
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opportunity of informing the meeting that it is intended to have a
special telephonic night towards the end of this month, if it can be
so arranged without inconvenience to the Institution of Civil
Engineers, to whose kindness we are indebted for the use of this
room. On that occasion Dr. Blake's paper will be discussed,
together with other matters of great interest connected with the
telephone.

The vote of thanks to Dr. Blake was unanimously and very
heartily carried.

The CHAIRMAN : I have now the pleasure to introduce to the
Society Mr. Frederic A. Gower, who will read a paper on the same
subject, under the title of " The Telephone Harp," and the
instrument to be shown is of his invention.

, THE TELEPHONE HARP.

Mr. GOWER said: Mr. President and Gentlemen of the Society
of Telegraph Engineers: It seems especially fortunate or especially
well advised, that the production of distinctly audible telephonic
sound, which I hope to accomplish this evening, should have been
assigned to the same occasion as the more learned and interesting
paper on a kindred subject to which we have been listening. And
I am glad to have the opportunity of saying, for the benefit of any
who may not have heard it before, that Dr. Blake has been among
the most earnest and successful investigators of the speaking
telephone and its laws, at a time when such investigations promised
little of profit or distinction. It is largely to his intelligence
and zeal that the telephone owes its early growth, and I regret
that he is not able to be with us this evening to examine some of
its later developments.

Since we have had, in the paper just read, a discussion of some
of the more intricate physical and physiological principles involved
in the action of the telephone, it seems the more desirable that I
should employ a part of the limited time which I venture to use,
in a brief survey of the progress of the telephone, and the extent
of its practical use, as well as in the exhibition of the special form
of instrument which I have to bring before you.

If, as it has been said, the year 1877 is to be remembered as the


